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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] The heat sink plate obtained by infiltrating molten metal into the inorganic layer which consists of two- 
layer [ of the layer which consists of the layer, carbon particle, or carbon fiber which consists of a silicon carbide 
particle or a cubic boron-nitride particle ]. 

[Claim 2] The silicon carbide particle or cubic boron nitride in claim 1 should contain what was fabricated with fine 
particles, the sintered compact, or the temporary sintered compact that uses alumina sol and a silica sol as a binder. 
[Claim 3] The carbon particle or carbon fiber in claim 1 should also include those Plastic solids besides a particle or 
a fiber bundle also including the thing of graphite. 

[Claim 4] The molten metal in claim 1 should contain aluminum, copper, silver, and those alloys. 

[Claim 5] As an approach of infiltrating the molten metal in claim 1, it is carrying out press fit coagulation with 

high pressure. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
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1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
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3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] The summary of this invention is carried out to the member which is excellent in 
reinforcement and thermal conductivity, and has a suitable coefficient of thermal expansion as a substrate of which 
heat dissipation nature, such as a semi-conductor and an integrated circuit, is required. 
[0002] 

[Description of the Prior Art] When alumina ceramics and an epoxy resin were conventionally used as a substrate 
of a semi-conductor, generation of heat from the semi-conductor itself did not become a problem, however - 
recently — speedup of operation speed, and high-speed ****-- cooling of a semi-conductor is becoming 
indispensable with increase of the calorific value by the so-called light and heat of optical communication. A 
substrate also came to be selected with the thing which has good thermal conductivity, and the ingredient 
possessing a suitable coefficient of thermal expansion so that it may correspond to it. 

[0003] That is, the composite material of a copper tungsten, copper molybdenum, silicon carbide, and aluminum is 
invented and used by high temperature conduction as what has a suitable coefficient of thermal expansion. These 
have the thermal conductivity of 150 - 200 W/mK, and the coefficient of thermal expansion of 8 - 12 ppm/K about. 
[0004] 

[Problem(s) to be Solved by the Invention] However, recently, the calorific value from a semi-conductor becomes 
large, and what has bigger thermal conductivity has been needed. Moreover, the compound semiconductor with 
which optical communication is presented requires 4-5 ppm/K for coefficient of thermal expansion. It is 
impossible to satisfy the thermal conductivity and both the properties of thermal expansion which are needed with a 
new substrate to the composite material of a copper tungsten, copper molybdenum, silicon carbide, and aluminum. 
[0005] On the other hand, the thing of 250 or more MPas other than the demand characteristics as coefficient of 
thermal expansion 8-12 ppm/K, and a heat sink ingredient of 300 or more W/mK of thermal conductivity is 
needed also for the automobile as a mechanical strength as a substrate of an integrated circuit with electrical-and- 
electric-equipment-izing in recent years. 

[0006] For this reason, as a technical problem of this development, coefficient of thermal expansion was made into 
two levels of 4 - 5 ppm/K and 8 - 12 ppm/K, and it carried out to thermal conductivity completing the heat sink 
plate of 300 - 400 W/mK. 

[0007] The place, table which investigated the property of the mechanical strength of metal radical composite 
which infiltrated the molten metal of a matrix into the various inorganic substances which precede with this 
technical problem and serve as reinforcement beforehand, thermal conductivity, and coefficient of thermal 
expansion - The characteristic value shown in 1 was acquired. 
[0008] 
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[0009] It is a table in order to attain this technical problem. - It considered using it, combining further the composite 
material shown in 1 . When two sorts of composite material is combined, and the generalization thermal 
conductivity U (W/mK) is set to one sort of thermal conductivity A (W/mK), and its thickness X (mm) and it is 
referred to as the thermal conductivity B of other type (W/mK), and thickness Y (mm) about thermal conductivity, 
a formula called U=(X+Y)/(X/A+Y/B) is realized. 

[0010] In order for U of an upper type to become 400 or more W/mK, a kind adopts 10 and 1 1 and should just 
adjust the thickness from balance with other type. [ at least ] For example, U becomes 408 W/mK, when choosing 4 
as other type and setting thickness of 1mm and 1 1 to 3mm for the thickness. As another example, when setting 
thickness of 1mm and 10 to 2mm for the thickness of 1, U becomes 407 W/mK and satisfies the target of thermal 
conductivity, respectively. 

[001 1] Next, although it is coefficient of thermal expansion, when using 10 or 1 1, the coefficient of thermal 
expansion in the direction of a right angle must be adopted. It is because coefficient of thermal expansion is related 
in the direction of a flat surface of a plate to this reason needing for thermal conductivity to be good in the thickness 
direction of a plate as a heat sink plate. 

[0012] Since each tensile strength of the direction of a right angle is small although the direction of a flat surface of 
a plate turns into the direction of a right angle of fiber when 9, 10, and 1 1 make a grain direction the thickness 
direction of a heat sink plate, in the case of the combination of 1 and 10, 1 becomes dominant and thermal 
expansion serves as 12 ppm/K as a coefficient of thermal expansion, for example. Moreover, in the case of the 
combination of 4 and 1 1, it becomes 8 ppm/K, for example, it is satisfied as a heat sink plate of power module 
systems, such as an electric vehicle. 

[0013] On the other hand, in the combination of 10, and 12, 1 1 and 13, the coefficient of thermal expansion of the 
dir ection of a flat surface of a plate is set to 4.5-4.1, respectively, and will become the optimal as heat dissipation 
substrates for optical communication etc. 
[0014] 

[Example] Hereafter, although an example explains this invention still more concretely, this invention is not limited 

to these examples. 

[0015] 

[Example 1] The carbon fiber of a pitch system was fabricated so that it might be equal to an one direction with 
phenol r esin, this was calcinated at 3000 degr ees C in the vacuum, and the carbon fiber Plastic solid of the quality 
of graphite of one direction was acquir ed. It was 18% which carbonized the rate of the fiber volume of this thing 
from phenol resin 55%. 

[0016] On the other hand, the silicon carbide sintered compact which sintered the silicon carbide particle at 2000 
degrees C was obtained at 72% of rates of the volume. A graphitized-carbon fiber Plastic solid (1) and a silicon 
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carbide sintered compact (4) are arranged to ** from which a grain direction becomes a right angle at a silicon 
carbide plate surface, and it is drawing. - As shown in 1, after carrying out a preheating to 800 degrees C, 
respectively, it puts into predetermined metal mold (3 4), and it is 800-degree C JIS on it. The aluminum radical 
composite which pours out A1050 molten metal, pressurizes by pressure 98MPa by the plunger, and makes 
graphitized-carbon fiber and silicon carbide reinforcement after the completion of coagulation was obtained. 
[0017] thus, the thickness whose composite layer of 2mm silicon carbide the composite layer of a carbon fiber is 
1mm as the physical properties of the obtained composite are shown in drawing-2 — processing it — if — coefficient 
of thermal expansion — 4.5 ppm/K and thermal conductivity — 407 W/mK — it was . It is drawing about the same 
thing as this. - 3-1 (sectional view), drawing - It was processed like 3-2 (top view), and the heat sink package (14) 
was obtained. Since it could be easily processed since this thing excelled [ layer / which consists of a carbon fiber 
and aluminum / composite ] in machinability, and submounting (13) really fabricated, the heat conductivity from a 
submounting summit to the lowest side of a package was also very good, and it was a thing without the need of 
carrying out low attachment of the submounting at a substrate. 
[0018] 

[Example 2] Using the same graphitized-carbon fiber Plastic solid as an example 1, another side uses a silicon 
carbide particle instead of a silicon carbide sintered compact, and is JIS. It is JIS instead of A1050. CI 020 was 
similarly performed except having made it the preheat temperature of 1200 degrees C, and the molten metal 
temperatur e of 1250 degrees C. Consequently, coefficient of thermal expansion was 8 ppm/K, and thermal 
conductivity was 408 W/mK. 
[0019] 

[Example 3] The graphite particle which also heated this 600 degrees C beforehand on the silicon carbide sintered 
compact beforehand heated at 650 degrees C is arranged in metal mold, and it is 750-degree C JIS. It is a sink Fig. 
about ADC 14 molten metal. - It pressurized by pressure 70MPa by the plunger like 4, and the metal matrix 
composite which consists of two-layer [ of silicon carbide and a graphite particle ] was obtained after coagulation. 
[0020] By width-of-face die length of 150mm of 70mm, the thickness of the composite layer of silicon carbide 
created this thing so that the thickness of a composite layer with 1mm and a graphite particle might be set to 2mm. 
The tensile strength of this thing was 310MPa(s) in the direction of a flat surface of a plate, thermal conductivity 
was 310 W/mK and coefficient of thermal expansion was 4.3 ppm/K. It is dr awing about this. - The substrate for 
power modules which carried out cutting of the part of the composite layer of a graphite particle like 5, and was 
divided into six sections was obtained. Since this thing is cutting of only the part of a composite layer with a 
graphite particle, it is easily processible, moreover, since it is really a moldings, it does not have the need for low 
attachment by six heights, either, and what has more good thermal conductivity was obtained. 
[0021] 

[Effect of the Invention] The one apparatus heat sink of ****** which has thermal conductivity high enough by 
this invention, and has a proper coefficient of thermal expansion was obtained. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The conceptual diagram which has the heat conductivity of 400 or more W/mK, and manufactures the 
heat sink package whose coefficient of thermal expansion is 4-5 ppm 
[Drawing 2] Drawing - Composite material taken out from 1 

[Drawing 3-1] The sectional view of the heat sink package which has submounting of one apparatus 
[Drawing 32] A top view same as the above 

[Drawing-4] The conceptual diagram which manufactures the heat sink plate for power modules which has the heat 
conductivity of 300 or more W/mK 
[Drawing-5] Power module 
[Description of Notations] 

1 Graphitized-Carbon Fiber Plastic Solid 

2 22 Silicon carbide sintered compact 
3, 4, 23, 24 Metal mold 

5 25 Pressure plunger 

6 26 Aluminum or aluminium alloy molten metal 

1 1 Carbon Fiber Composite Layer 

12 32 Sintering silicon carbide composite layer 

13 SubMounting 

21 Graphite Particle Layer 

31 Graphite Particle Composite Layer 
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DRAWINGS 
[Drawing 1] 




[Dr awing 3-1] 




[Drawing 32] 




[Drawing-4] 
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